(12) INTERNATIONAL APPLICATION PUBLISHED UIWER THE PATENT COOPERATION TREATY (PCT) 




iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiini 

(43) InterDational Publication Date (10) International Publication Number 

12 April 2001 (12.04.2001) pCT WO 01/25881 A2 



(51) International Patent Classification': G06F 1/00 

(21) International Application Number: PCT/DKOO/00554 

(22) International Filing Date: 4 October 2000 (04.10.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
PA 1999 01416 
60/157.111 



4 October 1999 (04. 10. 1 999) DK 
4 October 1999 (04.10.1999) US 



(71) Applicant (for all designated States except US): ASETEK 
A/S [DK/DK]; HSndvarkervej 4, DK-9700 Br0nderslev 
(DK). 

(72) Inventors; and 

(75) Inventors/Applicants (jTor US oniy)i ERIKSEN, Andr£, 
Sloth [DK/DK]; Vestetgade 11, 2.. DK<9400 N0nesundby 
(DK). ADAMSEN, Per [DKADK]; Kayet^dsgade 29. 3., 
DK-9000 Aalborg (DK). 



(74) Agent: PLOUGMANN, VINGTOFT & PARTNERS 
ATS; Sankt Annae Plads 1 1 . DK-1250 Copenhagen K (DK). 

(81) Designated States (national): AE. AG. AL. AM. AT, AT 
(utility model), AU. AZ. BA. BE. BG, BR. BY, BZ. CA. 

CH. CN. CR, CU. CZ, CZ (utility model), DE. DE (utility 
model), DK, DK (utility model). DM, DZ. EE, EE (utility 
model), ES, FI. Fl (utiUty model), GB, GD, GE, GH. GM, 
HR, HU. ID. IL. IN, IS, JP. KE. KG, KP. KR. KR (utility 
model), KZ, LC. LK. LR, LS, LT. LU, LV. MA. MD. MG, 
MK. MN, MW, MX, MZ, NO, NZ, PL. FT. RO. RU, SD. 
SE, SG, SI. SK, SK (utility model). SL. TJ. TM. TR. TT. 
TZ, UA. UG. US. UZ. VN. YU. ZA, ZW. 

(84) Designated States (regional)-. ARIPO patent (GH, GM, 
KE. LS. MW. MZ. SD. SL, SZ. TZ, VG;2:W), Eurasian 
patent (AM. AZ, BY, KG, KZ. MD, RU. TJ, TM). European 
patent (AT. BE, CM. CY. DE. DK. ES. FI, FR. GB. GR, IE, 
rr. LU, MC, NL, FT, SE). OAPI patent (BF, BJ. CF. CG. 

CI, CM, GA, GN, GW, ML, MR. NE, SN. TD. TG). 

Published: 

— Without intemationcd search report and to be republished 
upon receipt of that report, 

[Continued on next page] 



(54) Title: COMPUTER SYSTEM COMPRISING A COOLING SYSTEM AND A COOLING SYSTEM FOR A COMPUTER 
SYSTEM 



55 55 




00 
00 
IT) 



O 



(57) Abstract: The invention relates to a computer system incorporating a cooling unit. The cooling unit uses conventional coolant 
that is being led from a compressor to a heat exchanger being in thermal contact with a coxnponent in the computer system generating 
heat, as example a central processing unit (CPU). Hie compressor is a low voltage compressor although the computer systm has to 
have high voltage electrical power £rom the public electricity distribution net. By using a low voltage compressor the demands for 
power consumption and space may be lUnited. Also, it is possible to power the compressor firom the built-in power supply of the 
computer system. In a preferred embodiment the heat exchanger being in thermal contact with the processing unit is enclosed ui an 
insulated box. The box has openings for piping leading the coolant to and firom the heat exchanger, and the box preferably also has a 
slot so that connection pins from the printed circuit board of the processing unit can protrude put through the box. Thereby the box 
can be attached to the mothert)oard by means of the connection pins. An alternative box has an orifice intended for abutting a base 
plate of the processing unit and has biasing means for holding the box onto a socket for the base plate and in abutment with the base 
plate. 



wo 01/25881 A2 lllllflllllllllfliiiiiininilll 
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COMPUTER SYSTEM COMPRISING A COOLING SYSTEM 
AND A COOLING SYSTEM FOR A COMPUTER SYSTEM 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to a computer system comprising at least a processing unit 
such as a central processing unit (CPU) generating thermal energy when processing and 
said computer system also comprising a cooling system with a heat exchanger being in 
thermal contact with the CPU and comprising a compressor for compressing cooling 
10 refrigerant from a vaporised state to a liquid state and comprising first pipes transporting 
the cooling refrigerant from the compressor to the heat exchanger and second pipes 
leading the codling refrigerant from the heat exchanger back to the compressor and said 
computer system further comprising a regulating means for at least starting and stopping 
the compressor. 

15 

It is known to cool the processor of a computer system in order to increase the operating 
frequency of the processor to a value above the value intended or expected by the 
producer of the processor Whenever a processing unit of a computer system is 
processing, heat is generated. This reduces the working capacity of the unit, and 
20 therefore it is desirable to cool the processing unit by means of a cooling system in order 
to increase the processing frequency of the processor. 

DESCRIPTION OF THE PRIOR ART 

25 US 5.574.627 describes such a cooling system. The system comprises a heat exchanger 
being in contact with a central processing unit. The CPU is attached to a so-called 
motherboard. A refrigeration compressor unit such as the one used in a conventional 
refrigerator provides the cooling. Similar cooling unit is further described at homepage 
www.kryotech.com from the company Kryotech. Inc. Around the CPU and around the heat 

30 exchanger, insulation is provided. The Insulation ensures that any dew that may be 
generated on the cool surface of the heat exchanger or on the cooled down surface of the 
processor is avoided. However, if dew never the less should generate on the insulation, 
resistive ink is provided at the outer surface of the Insulation in order to heat the insulation 
if necessary. 



CONFIRMATION COPY 
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This cooling system described in this patent and also the system described at the web- 
site www.kryGtech.com have some disadvantages. Firstly, the compressor used is very 
bulky compared to the rest of the components of the computer system which all should be 
as small as possible for fulfilling the demands of small sized computers. The compressor 
5 is a conventional compressor using high voltage power supply such as 220/230 V or 
110/115 V. This creates the need for extra electrical insulation and other measures for 
maintaining a sufficient electrical security. Also, the heat generated by the compressor will 
to a certain extend be conducted up through the computer itself and past the components 
of the computer system thereby increasing the internal temperature of the casing of the 
10 compressor. 

US 5.488.279 describes using a low-voltage compressor to be used in an electrical 
refrigerator working at locations away from an access to the public electrical network such 
as off a battery incorporated in an automobile. Thus, using a low-voltage compressor in a 

15 refrigerator in an automobile is due to the necessity of using a compressor, which is 
capable of running on electrical power having a voltage level corresponding to the voltage 
level that an automobile can provide. There is no discussion of the possible advantages of 
using a low voltage compressor in stead of using a high voltage compressor, namely 
because using a low voltage compressor is a necessity and not an option when using it in 

20 an electrical refrigerator in an automobile. 

US 6.054.676 describes an apparatus for cooling an integrated circuit. The cooling unit 
comprises casings enclosing a base plate that the integrated circuit Is mounted to. Inside 
the casing a cold plate is provided. The cold plate is situated, together with the integrated 

25 circuit, within the casing, and the casing provides insulation around the cold plate. The 
apparatus also comprises a heating foil being provided with holes along the periphery of 
the foil. Leggings extending from the base plate extend through the holes in the heating 
foil. The cooling of the integrated circuit and the heat exchanger is dependant on the 
insulating capacity of the casing, and the themial contact between the cold plate and the 

30 integrated circuit is limited because there is no means for establishing a close physical 
contact between the cold plate and the integrated circuit. 
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SUMMARY OF THE INVENTION 

It Is an object of the present invention to provide a computer system with a cooling system 
where the flexibility of using the cooling system is greater than for known systems and 
5 where the risk of electrical damage or lack of electrical security is reduced so that the 
overall functionality of the computer system is increased. 

This purpose is obtained by a computer system where the compressor is a low voltage 
compressor with a voltage usage below the voltage of the public electrical power 
10 distribution network. 

Using the public net is obvious because the computer system itself always has the need 
for electrical power from the public net. so there is no reason why the compressor should 
not also have electrical power from the public net. However, by using a low voltage 

15 compressor certain surprising advantages are obtained compared to using conventional 
high voltage compressors adapted for using the voltage supply of the public electrical 
distribution net, although special supplementary features are needed in the computer 
system, which may cause disadvantages which do not occur when using high voltage 
compressors. However, the advantages obtained when using low voltage compressor 

20 may justify the disadvantages Involved. 

A first advantage of using a low voltage compressor is that it is possible to power the 
compressor from the electrical power supply of the computer system itself, thereby 
eliminating the need for a supplementary power supply. It also means that using the 

25 computer with different networks as example 220/230 V or 110/1 15 V is indifferent to the 
compressor because the power is supplied from the power supply of the computer 
system. Any switch between as example 220 V and 110 V will just have to be made for 
the components of the computer, and the compressor neither needs to be suited for the 
actual voltage of the electrical distribution network nor needs to have a switch of its own 

30 for switching between different voltages of networks around the worid. ^ 

A second advantage of using a low voltage computer is that it is very easy to incorporate 
means for regulating the capacity of the compressor. This makes it possible to individually 
graduate the degree of lowering the temperature and also makes it possible to adjust the 
35 capacity in response to the need for cooling. As example, when the computer system is in 



r 
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a standby mode or in any other way is not performing greater processing, then the need 
for cooling is limited as compared to situations when the processor is performing actual 
processing. The means for regulating the capacity of the compressor may be controlled 
by additional software incorporated in the computer system. The means for regulation 
5 may also be more conventional regulating means or a combination of these and software 
controlling. 

A third advantage is that the size of a low voltage compressor may be smaller than the 
size of a conventional high voltage compressor. This means that the space needed for the 

10 cooling system is limited and advantageously the cooling system may be incorporated into 
the standard cabinet of the computer system. Also, the power consumption of a low 
voltage compressor is lower than that of conventional high voltage compressors, as 
example SOW compared to 120W. Apart from reducing the overall power consumption of 
the computer system, the reduced power consumption may also limit the size of certain 

15 electrical components in the compressor. 

Also it is possible to incorporate the compressor into the top of the cabinet because not 
only the size but also the weight of the low voltage compressor may be smaller than for 
conventional compressors. Accordingly, there will neither be any space problem nor any 
20 stability problem of placing the compressor in the top of the cabinet. Placing the 
compressor in the top of the cabinet means that the heat generated when the compressor 
is working is not passed through the computer itself and is not passed through the 
components of the computer system. 

25 In a preferred embodiment the computer system wherein the CPU and the heat 
exchanger are enclosed in a box, the insulation material is provided between at least the 
heat exchanger and the inside of the box, preferably is provided also between the CPU 
and the inside of the box. 

30 The advantages of enclosing the heat exchanger and the processor in insulation are 
already known. However, also enclosing the insulation in a box has the advantage that 
the processor and the insulation are capsuled and constitute a unit of its own. Enclosing 
the heat exchanger and the processor together with the insulation in a box means that it is 
actually possible to market and sell these components as an integrated unit. 



4 
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As example, if a computer already having a cooling system has to be upgraded, then it is 
necessary to substitute the processor. Substituting the processor may involve also 
substituting the heat exchanger to one with a larger cooling capacity. This can easily be 
done if the processor, the heat exchanger and the insulation are enclosed in a box 
5 constituting a unit Thereby it is not necessary to dismantle the insulation and the heat 
exchanger, substituting the processor and afterwards assemble the heat exchanger and 
the insulation again. 

If the box is black and perhaps is also lustreless, then the outside of the box will have the 
10 best opportunity to receive heat from the surroundings, and thereby keeping as high a 
temperature as possible of the box. This avoids the formation of dew on the box. The box 
may as a supplement be provided with a heating element in thermal contact with the outer 
or inner surface of the box for heating the box to further avoid the formation of dew. 

15 However, in other situations it may only be necessary to substitute the processor, but not 
absolutely necessary to substitute the heat exchanger. Also in this situation it is 
convenient to have the processor, the heat exchanger and the insulation all enclosed in a 
box. It will be possible to dismantle the Insulation and the heat exchanger outside of the 
computer system and thereafter substituting the processor and assemble the insulation 

20 and the heat exchanger again also outside the computer and finally placing the box in the 
computer. 

Thus the overall flexibility of the computer system according to the invention is highly 
increased by the combination of the above mentioned features. This is important in 

25 especially this field of business, where the technical development is extremely fast and 
therefore fosters the need of a possibility to substitute one or more components with new 
components, but also a need for a uniform product that may be used all around the world 
because most computer systems are universal. Thus using a low voltage compressor 
makes the computer system according to the invention universal, while using components 

30 that are not physically bonded together and which are enclosed in a box constituting a unit 
at the same time increases the flexibility by facilitating easy substitution of the 
components. 

Another aspect of the present invention is to further increase the cooling of the computer 
35 system by means of an exterior cooling system functioning as an air conditioning system 
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for cooling the interior of a computer cabinet. A separate cooling system from which a 
hose or a pipe leads to the cabinet of a computer system and through which hose or pipe 
pre-cooled air is let into the computer cabinet has the effect of cooling the entire interior of 
the cabinet, i.e. the air and thus all components inside the cabinet. The processing units 
5 are those that are most relevant to cool and depending on the type of processing unit and 
the way it is attached to the motherboard the firstly mentioned or the alternative 
mentioned type of heat exchanger may be employed. 

However, a further advantage by cooling can be obtained by also cooling the interior of 
10 the computer cabinet. By only cooling the interior of the computer cabinet and not also 
cooling the exterior surroundings of the cabinet, a much faster and more efficient cooling 
takes place and it is possible to obtain a certain cooling rate by means of only a smaller 
cooling system. Lastly, it is possible to take the cooling system along to the computer to 
be cooled, thus not being restricted to cooling the computers being situated in a certain 
15 room being provided with air condition for the entire room. i.e. where also the exterior 
surroundings of the computer cabinets being cooled in such a room. 

BRIEF DESCRIPTION OF THE INVENTION 

20 

The invention will now be described in detail with reference to the accompanying drawing, 
where 

fig. 1 shows an embodiment of a computer system with a cooling system according to the 
25 invention with a cooling unit enclosed In a box that Is mounted in the computer system, 
fig. 2 shows a cooling system mounted in the top of a computer cabinet and comprising a 
compressor and an external heat exchanger, 

fig. 3 shows the box with the embodiment of the invention enclosed and provided with a 
heating element around the exterior of the box, 
30 fig. 4 shows different components of the box enclosing part of the cooling system 
according to the invention 

fig. 5 - fig. 13 show different steps in assembling the components inside the box and in 
assembling the box itself, 

fig. 14 shows an alternative embodiment of the invention enclosed in a box that is 
35 alternatively mounted in a computer system, 
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fig. 14a shows a cross section of an embodiment of a heat exchanger to be used in the 
alternatively mounted box, and 

fig. 15 and fig. 16 shows an embodiment of a separate cooling system for cooling the 
interior of a computer cabinet. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a photograph showing a motherboard 1 inside a computer cabinet 2. At the 
10 motherboard 1 a black box 3 Is shown. The box 3 encloses the central processing unit 
(CPU) (not shown) of the computer system. Apart from enclosing the CPU. the box also 
encloses a cooling unit comprising a heat exchanger (not shown) being in thermal contact 
with the CPU. The box is kept in place by means of the connection pins from the printed 
circuit board at which the CPU is placed (see fig. 6), said connection pins being inserted 
15 in the appropriate slots in the motherboard. A hose 4 extends from the box 3 to a 
compressor (see fig. 2). The hose 4 contains metal piping for conducting coolant liquid 
from the compressor to the heat exchanger in the box and for returning the vaporised 
coolant from the heat exchanger in the box to the compressor. 

20 Fig. 2 is a photograph showing the part of the cooling system being outside the box (see 
fig. 1), i.e. ail of the cooling system, except the parts inside the box Including the heat 
exchanger being In thermal contact with the CPU. The cooling system comprises a 
compressor 5. The compressor 5 is a special low voltage compressor, preferably a 12V 
compressor. A metal piping (not shown) is leading through the hose 4 from the 

25 compressor 5 to the heat exchanger in the box (see fig. 1), and an other metal piping 6 is 
leading back to the compressor 5. Before being led to the heat exchanger being in 
thermal contact with the CPU, the vaporised coolant is led past an exterior condenser 7 
for liquefying the coolant. 

30 The cooling system Is placed inside the standard cabinet 2 of a computer system, and Is 
placed in the top of the cabinet. This way it Is assured that the heat from the compressor 5 
when In duty and the heat from the exterior heat exchanger 7 shown Is not led past any of 
the other components In the computer system causing these ta be further heated. The 
duty periods of the compressor are regulated in accordance with the demand for cooling. 

35 The regulation may be either an on/off switching of the compressor, or may be a stepwise 
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or may even be an infinitely adjusting of the rotational speed of the compressor. 
Regulation of the rotational speed may be controlled by software programs installed in the 
computer system. Alternatively the regulation of the rotational speed may be controlled by 
hardware. 

5 

In the embodiment of the cooling system as shown in fig. 1 and fig. 2, the compressor and 
the condenser is mounted on a frame. The frame has dimensions being the same as or 
smaller than inner dimensions of the computer cabinet. Preferably the frame and the 
compressor and condenser has a width being not larger than 5 1/4" (five and a quarter of 

10 an inch) or alternatively a width being not larger than 3 1/2" (three and a half of an inch). 
Thereby it is possible to use one or more of the external so-called drive bay shafts, which 
are already fitted at the front side of the computer cabinet and which are externally 
accessible. Thereby, it is not necessary to dismount the entire cabinet of the computer 
cabinet in order to install or remove the cooling system from the interior of the computer 

15 cabinet. The rails that may be mounted inside the computer cabinet for supporting a disc 
drive or other hardware facilities of the computer may in stead be used to support the 
frame of the compressor and the condenser. 

Fig, 3 is a photograph showing the box 3 provided with a heating element 8 around the 
20 outer surface of the box. The heating element 8 consists of a foil 9 provided with metallic 
wires 10 attached to the foil. Electric wires 11 lead to the heating element 8 for providing 
electrical power to the wires 10 on the foil 9 in order to heat the outer surface of the box 3. 
By heating the outer surface of the box the risk of dew forming on the outer surface is 
avoided. Dew may occur because of the cold heat exchanger inside the box although 
25 insulation is provided between the heat exchanger and the casing of the box. 

Apart from being provided with a heating element 8 the box is preferably black and 
provided with a lustreless surface. Both of these features further minimises the risk of dew 
occurring because the casing of the box, when being black and lustreless, receives as 

30 much heat in the form of radiation heat both from the heating element wrapped around the 
outer surface of the box but also from the surroundings. Alternatively, the box may have 
other appearances in relation to colour and surface if the problem of dew occurring is not 
that great a problem. As example, if it is a greater problem that heat from the 
surroundings limits the capacity of the heating element inside the box because of heat 

35 penetrating through the box and through the insulation, it will be more favourable to have 
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a white box with a shiny surface in order to reject as much of the heating radiating from 
the sun-oundings inside the computer system. 

Fig. 4 is a photograph showing the different components of a cooling unit in a box shown 
5 in fig. 1 and fig. 3. The box 3 consists of a casing consisting of two halves 12,13 (see 
fig. 5 and fig. 13) and of insulation 14-17 for being placed inside the casing and for 
surrounding the CPU and the heat exchanger thereby forming a thermal barrier between 
these components and the casing of the box. Furthermore the box comprises bolts 18,19 
and nuts 20 for holding together of the two parts which constitutes the casing (see the 
10 subsequent figures). The box also comprises a plate 21 for holding the heat exchanger in 
a firm physical and thereby firm thermal contact with the CPU. Lastly, as an option, the 
box comprises the heating element 8 in the form of the foil with wires (see fig. 3) for 
wrapping around the outer surface of the casing. 

15 Fig. 5 - fig. 13 are photographs showing assembling of the box and of the CPU and the 
heat exchanger inside the box. Fig. 5 shows a first half part 12 of the casing into which a 
first layer 14 of insulation is placed. In the right side upper side 22 of the casing an 
opening 23 is provided for insertion of the tube 4 and the piping into the box 3. The part 
12 of the casing and the insulation 14 are provided with holes 24 for accommodating the 

20 insertion of the bolts 19 through the insulation 14 and through the box 3. In the bottom 25 
of the casing a slot (not shown) is provided through which the connecting pins of the print 
circuit board can be introduced (see fig. 7). 

Fig. 6 shows a print circuit board 26 on which a central processing unit (CPU) 27 is 
25 placed. Also other electrical components are placed on the board 26. The board 26 is 
provided with connection pins 28 along the lower edge of the board. The pins 28 are 
intended for insertion into corresponding slots in the motherboard (see fig. 1) of the 
computer system. Bolts 18 are attached to the print circuit board 26. The bolts 18 are for 
fastening of the plate 21 for keeping the heat exchanger in place in relation to the 
30 insulation and the casing of the box (see fig. 11). The board 26 is also provided with holes 
29 for accommodating the insertion of the bolts 19 through the board. 

Fig. 7 shows the print board circuit 26 as shown in fig. 6 placed in the half part 12 of the 
casing as shown in fig. 5. The connecting pins 28 on the print circuit board 26 are inserted 
35 though the slot (not shown) in lower part 25 of the part 12 of the casing so that the pins 28 
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extrude outside of the casing. Thereby the box may be fixed to the motherboard of the 
computer system by just inserting the connecting pins of the print circuit board in the 
corresponding slots in the motherboard (see fig. 1). 

5 Fig. 8 shows a first intermediate layer 15 of insulation placed on top of the print circuit 
board 26 (see fig,7). A rectangular opening 30 is made in the first intermediate layer 15 of 
insulation so that the CPU 28 is still exposed. The first intermediate layer 15 of insulation 
is provided with four holes (not shown) in the sides of the insulation through which the 
guiding bolts 18 and the bolts 19 for assembling the casing are extending. 

10 

Fig. 9 shows a second intermediate layer 16 of insulation placed above the first 
intermediate layer 15 shown in fig. 8. The second intermediate layer 16 is provided with a 
rectangular opening 31 that is bigger than the opening 30 in the first intermediate layer 15 
and intended for receiving the heat exchanger (see fig. 10), The second intermediate 
15 layer 16 is provided with a groove 32 extending from the opening 31 to the one side of the 
layer. The groove 32 is intended for receiving piping (see fig. 10) leading to and from the 
heat exchanger (see fig. 10). Also, the second intermediate layer 16 of insulation is 
provided with four holes (not shown) in the sides of the insulation through which the 
fastening bolts 18 and the assembling bolts 19 for assembling the casing are extending. 

20 

Fig. 10 shows a heat exchanger 33 placed in the insulation in the casing. The heat 
exchanger 33 consists of a square block inside which canals (not shown) are made for the 
coolant to flow through the heat exchanger. The heat exchanger 33 is accommodated in 
the opening 31 of the second intermediate layer 16 of insulation (see fig. 9). Piping 34 

25 leads the coolant to and from the heat exchanger 33. The piping 34 consists of an outer 
pipe with a larger diameter and an inner pipe with a smaller diameter. The inner pipe 
extends co-axially and inside the outer pipe. The tube 4 surrounding the piping 34 is 
shown outside the casing. The tube 4 is insulated so that the piping 34 leading between 
the heat exchanger 33 and the compressor 5 (see fig. 2) is thermally insulated from the 

30 surroundings. 

Fig. 11 shows the plate 21 for keeping the heat exchanger 33 in place. The plate 21 is 
provided with holes (not shown) through which the fastening bolts 18 and assembling 
bolts 19 are extending. Nuts 20 are screwed onto the bolts 18,19 so that the plate 21 is 
35 kept in place against the heat exchanger 33 thereby assuring sufficient physical and 
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thermal contact between the heat exchanger 33 and the CPU 27. Both the fastening bolts 
18 and the assembling bolts 19 and the nuts 20 are made of plastic having a poor thermal 
conductivity. Thereby the bolts 18.19 and the nuts 20 will not be responsible of thermal 
transportation of energy either heat from the surroundings to the metal plate 21 and 
5 further on to the heat exchanger 33 or cold from the heat exchanger 33 and further on to 
the metal plate 21 and to the surroundings. 

Fig. 12 shows a final layer 17 of insulation placed above the already mounted 
components In the box. The final layer is provided with two holes (not shown) through 
10 which the assembling bolts 19 extend. 

Fig, 13 shows a second half part 13 of the casing of the box placed above all of the 
components inside the box and thereby enclosing these components in the box. The 
second half 13 of the casing is provided with two holes (not shown) through which the 
15 assembling bolts 19 extend. Nuts 20 are screwed onto the bolts 19 for assembling the two 
halves 12.13 of the box. The box is now closed. The piping (not shown) extend out 
through the hole 23 (see fig. 5) in the upper right side of the box and is being provided 
with the tube 4 around it. The connecting pins 28 of the print circuit board 26 (see fig. 6) 
extend through the slot (not shown) in the bottom of the box. 

20 

In the embodiment shown of the computer system according to the invention different 
alterations may be induced without departing from the scope of protection. As mentioned, 
it will be possible to exclude using the heating element wrapped around the box as shown 
in fig. 3. It will also be possible to use low voltage compressors with other voltage needs 

25 than 12V. as example 6V. 24V or 48V. Also, in stead of using electrical power from the 
built in power supply of the computer system it will be possible to provide a separate low 
voltage power supply for the compressor parallel to the built in power supply. Regulation 
of the rotational speed of the compressor may be adjusted between a simple on/off 
switching of the compressor to a constant 24-hour rotation of the compressor and 

30 regulating the rotational speed according to the demand for cooling. 

Fig. 14 is an exploded view of an alternative embodiment of a cooling unit for a computer 
system. As is the case with the before-mentioned cooling unit, the alternative embodiment 
also comprises a box 13, a heat exchanger 33, and insulation 16 provided around the 
35 heat exchanger. Also, the box is constituted of two parts being held together by 
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appropriate fastening means such as bolts 19 and nuts 20 as shown and similar to those 
keeping the two parts of the before-mentioned box together The advantage of having the 
box constituted by two halves is that it is easy to join the two halves when the heat 
exchanger of the cooling unit is already placed in abutment with the processing unit that is 
5 to be cooled. Thus, it is not necessary to have the complete casing joined and attached to 
the processing unit before installing the processing unit onto the motherboard. 

The difference between the box of the before-mentioned cooling unit and the box of the 
alternative embodiment is determined by a difference between the processing unit and the 

10 base plate onto which the processing unit is attached. In the before-mentioned computer 
system, the processing unit is attached to a base plate constituted by a print circuit board 
and having connecting pins extending outwards form the print circuit board parallel to the 
print circuit board. However, in the alternative embodiment shown, the processing unit is 
attached to a base plate 35 having leggings 36 extending perpendicular outwards from a 

15 bottom side 37 of the base plate 35 and establishing connection between the processing 
unit 27, which is placed in the middle of the base plate 35, and a socket 37 on the 
motherboard (not shown) and thus the rest of the computer system. 

The leggings 36 are intended for extending through holes 38 in the socket 37 that is to be 
20 mounted on the motherboard of .the computer system, however, in such a way that the 
socket 37 and the base plate 35 lie parallel to the motherboard. Contrary to this, the 
processing unit that the before-mentioned cooling unit is intended for is being placed on a 
separate print circuit board mounted perpendicular to the motherboard, and not parallel 
with the motherboard, In a slot on the motherboard. The difficulty of the processing unit 
25 shown here in fig. 14 is that the socket 37 and the base plate 35 are parallel with the 
motherboard, thereby limiting the access to a top surface 39 of the base plate 35. 

The socket is a standard component of the computer system. As mentioned, the socket 
37 is provided with holes 38 through which the leggings 36 of the base plate 35 extend. 

30 The socket 37 itself is mounted on the motherboard (not shown). Along the 
circumference, the socket 37 is provided with small protrusions 40 extending outwardly 
from the circumference of the socket. The socket 37 is also provided with a lever arm 41 
Intended to be handled for securing the socket to the motherboard by appropriate 
securing means, after the socket has been placed on the motherboard. The socket 37 is 

35 only intended as an intermediate means between the motherboard and the base plate 35 
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of the processing unit in order to avoid that the base plate, having small and fragile 
leggings 36. have to placed directly on the motherboard. 

A heating foil 42 is introduced above the base plate 35 and is intended for abutting the top 
5 surface 39 of the base plate. The heating foil 42 has a rectangular shape with a 
rectangular hole 43 in the middle of the heating foil. The shape is established so that the 
foil is abutting the top surface 39 of the base plate 35 corresponding to the position of the 
leggings 36 extending from the bottom side of the base plate 35. The hole in the middle 
allows the processing unit 27 to protrude through the heating foil 42 so that the top of the 

10 processing unit can have abutting contact established with the heat exchanger 33. 
Electrical wires 44 lead to the heating foil 42 in order to heat the foil by means of electrical 
resistive wiring (not shown) on the heating foil. The heating foil 42 is intended for heating 
of the leggings 36 in order to prevent any moist condensing on the leggings because of 
any low temperatures originating from the cooled processing unit 27 and dissipating to. the 

15 leggings. Accordingly, by heating the leggings separately from cooling the processing unit, 
then any dew on the leggings can be avoided, thus avoiding any unintentional short-cut 
between the leggings. 

The heat exchanger 33 has a circular cylindrical shape. The heat exchanger 33 is 
20 surrounded by insulation 16. A spring member 45 being a spiral spring is provided above 
the heat exchanger 33 and is compressed between a top 46 of the heat exchanger 33 and 
the interior of an end 47 of the box. The spring member 45 is intended for biasing the heat 
exchanger 33 towards the processing unit 27. Also the spring member 45 is surrounded 
by insulation 48. 

25 

The box 13 is divided into two halves and the box contains the heat exchanger 33, the 
spring member 45 and the insulation 16.48. The box 13 is provided with a first opening 
(not shown) directed towards the heating foil 42, the base plate 35 and the socket 37. An 
orifice (not shown) of the opening is intended for abutting the heating foil 42 and via the 

30 heating foil resting against the base plate 35. The orifice has a circumference with edges 
49 having a length I. The length I is approximately the same as an edge length of the 
heating foil 42 and the base plate 35. Thus, the box 13 does not take up more space than 
the base plate 35. This ensures that the box can be placed on the base plate 35 
irrespective of eventual lack of space beside the base plate when the socket 37 and the 

35 base plate 35 are placed on the motherboard of the computer system. 
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The two halves of the box 1 3 are mutually joined by means of bolts 19 and nuts 20. At the 
end 47, the box 13 has a second opening 50 through which the pipes 34 pass to and from 
the heat exchanger 33. Outside the box 13. the pipes 34 are provided with insulation 4. 
The end 47 of the housing is provided with a first part 51 of a biasing member. The first 
5 part 51 of the biasing member has a hole 52 through which the second opening 50 of the 
box protrudes and the first part 51 of the biasing member is thereby fixed in relation to the 
. box 13. Second parts 53 of the biasing member have small holes 54 intended for 
engagement with the small protrusions 40 on the circumference of the socket 37. The first 
part 51 and the second parts 53 of the biasing member are intended for being mutually 
10 joined by means of proper fastening means such as bolts 55 and nuts (not shown) at 
opposing ends 56,57 of the biasing members. 

The biasing member 51,53 shown has the advantage that it is possible to evenly and 
adjustably bias the box 13 towards the socket 37 and thereby also evenly and adjustably 

15 biasing the orifice of the box towards the heating foil 42 and the base plate 35. This 
ensures that the heating foil 42. the base plate 37 and via the spring member 45 the top of 
the processing unit 27 are not damaged due to unevenly biasing of the box 13 towards 
the base plate 35 or due to a to a biasing with to great a force applied to the box. Apart 
from the spring member 45 biasing the heat exchanger 33 towards the processing unit 27, 

20 other spring members (not shown) could be provided in connection with and along the 
bolts 55 and nuts of the biasing member 51.53 in such a way that the force exerted when 
tightening the bolts and nuts will pass through the other spring members. Thereby, the 
force applied when tightening the bolts 55 and nuts would not exceed the spring force of 
such other spring members, as long as such spring members were not fully compressed. 

25 

In a preferred embodiment of the box 13. the box is made of plastic and is provided with a 
metal foil or is coated with a metallic film either on an interior surface or an exterior 
surface of the box. Thereby, it is avoided that moisture from the ambient surroundings 
migrate through the box that may be permeable to moisture and into the insulation 16,48 
30 surrounding the heat exchanger 33 and the spring member 35. Moisture in the insulation 
16.48 will decrease the efficiency of the heat exchanger 33 and may damage the 
insulation itself Alternatively, the box 13 may be made of a material impermeable to 
moisture such as metal like cast aluminium. 



wo 01/25881 PCT/DKOO/00554 

15 

Fig. 14A shows a cross section of a preferred embodiment of heat exchanger to be used 
in a cooling unit as shown in fig. 14. The heat exchanger 33 may be made in any suitable 
manner, however, the preferred way of producing the heat exchanger is to sinter together 
small metal bails 71 and provide an outer metal shelf 72 around the sintered metal balls. 
5 A preferred metal Is copper having a good thermal conductance. Spacing 73 between the 
metal balls 71 provides passages for the liquid refrigerant to pass through the heat 
exchanger, and the metal shelf 72 provides an enclosure for the liquid refrigerant. The 
small metal balls 71 provide easy dissipation of the cold temperature of the liquid 
refrigerant to the outer shelf 72 of the heat exchanger. 

10 

A central bore 74 is provided along the centre of the heat exchanger. The bottom part of 
the sintered metal balls 71 is configured like a cone. Via a first pipe (not shown) leading 
from the compressor through a condenser to the heat exchanger, the liquid refrigerant is 
passed through the central bore 74 forward to a bottom 75 of the heat exchanger. The 

15 liquid refrigerant is then led from the bottom 75 of the heat exchanger backwards into the 
passages 73 between the sintered metal balls 71. After having passed through the 
passages 73, the refrigerant, via the passages, is led back to the bottom 75 and into a 
second pipe {not shown) configured co-axially with the first pipe and leading from the 
bottom of the heat exchanger to the compressor. An outer end surface 56 of the bottom 

20 75 of the cylindrical heat exchanger is in thermal abutting contact with the processing unit 
27 provided in the middle of the base plate 35 (see fig. 14). By providing a central bore 
71. it is assured that the liquid refrigerant initially is passed to the bottom 75 and thus 
cools down the end surface 56 of the heat exchanger, the part of the heat exchanger 
being in thermal contact with the processing unit. It is also assured that the refrigerant 

25 subsequently is passed through the entire heat exchanger before finally being led out of 
the heat exchanger. Because of the insulation 16 (see fig. 14) and because of the easy 
and controlled passage of the liquid refrigerant into, through and out of the heat 
exchanger, the cooling takes place fast and efficient. Also, the type of heat exchanger is 
easy and cheap to produce. 

30 

Fig. 15 and fig. 16 show a possible embodiment of a separate cooling system functioning 
as an air conditioning equipment for cooling the interior of computer cabinets. The 
separate cooling system is constituted by a casing 60 containing a compressor and a heat 
exchanger and an evaporizer, none of which are shown. A front 61 of the casing 60 
35 comprises an upper grate 62 through which air from the exterior surroundings is being 
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pulled into the casing by means of a fan (not shown) inside the casing. The air pulled 
through the upper grate 62 is led past an evaporlzer (not shown) cooling the air by 
evaporating a cooling liquid coming from the compressor within the casing. The air 
passed through the evaporizer is led further through the casing 60 and through a hose 63 
5 being coupled to a back 64 of the casing 60. The hose 63 leads to a computer cabinet 
(not shown) so that the air that has been cooled by the cooling system is led directly to the 
interior of the computer cabinet. The front 61 of the casing 60 also comprises a lower 
grate 65 being used for letting air into the casing, the air being passed through a 
condenser (not shown), where the liquid refrigerant is condensed. The air passed through 
10 the condenser is led further through the casing 60 and through a grate 66 at the back 64 
of the casing 60. 

The front 61 of the casing 60 furthermore comprises a switch button 67 for switching the 
power to the cooling system off and on and comprises a display 68 for showing the 
15 temperature of the air being led through the hose to the computer cabinet. Lamps 69,70, 
as example one being green and one being red, indicates whether the temperature is 
below, indicated by the green lamp, a chosen temperature such as 10** C, or is above the 
chosen temperature, indicated by the red lamp. Other means may be used for showing 
the status of the cooling system. 

20 

Thus, the casing 60 is provided with all the means of a cooling system and the cooling 
system may be implemented in any situation where the possibility exists of employing a 
pipe or a hose to a computer cabinet. When using the separate cooling system, there is 
no need for integrating the cooling system into the computer cabinet itself, but the cooling 

25 of the entire interior of the cabinet may take place by use of the separate cooling system. 
However, the efficient cooling of the processing unit itself as described in connection with 
the previous figures is not possible to establish by means of the separate cooling system, 
thus the cooling system will mostly be employed as a supplement to the direct contact 
cooling between a heat exchanger and the processing unit. Alternatively, the system 

30 casing may be employed in stead of the direct cooling of the processing unit if the cooling 
by means of the cooling system is satisfactory or if it is other components of the computer 
system than a processing unit that set the limit for the performance of the computer 
system. 
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CLAIMS 

1. A computer system comprising a cooling system, said computer system comprising at 
least a processing unit such as a central processing unit generating thermal energy when 

5 processing and said cooling system comprising a heat exchanger intended for being in 
thermal contact with the processing unit and where the processing unit is of a type 
comprising a base plate having leggings extending parallel outwards from the base 
member, said leggings being intended for extending through openings In a slot mounted 
on a motherboard of the computer system, and where the heat exchanger constitutes an 

10 individual unit separate from the processing unit, and said cooling unit comprising a 
compressor for compressing cooling refrigerant from a vaporised state to a liquid state 
and comprising first pipes transporting the cooling refrigerant from the compressor to the 
heat exchanger and second pipes leading the cooling refrigerant from the heat exchanger 
back to the compressor and said computer system further comprising a regulator for at 

15 least starting and stopping the compressor and where the compressor is a low voltage 
compressor with a voltage usage below the voltage of the public electrical power 
distribution network. 

2. A computer system according to claim 1, wherein the low voltage compressor is 
20 intended for voltages In the range from 6V to 48V, preferably is intended for voltages in 

the range from 6V to 12V. most preferably is intended for voltages of 12 V. 

3. A computer system according to claim 1 or claim 2. wherein the regulating means is 
capable of variable regulating the rotational speed and thereby the capacity of the 

25 compressor, preferably by regulating the speed infinitely, alternatively by regulating the 
speed stepwise. 

4. A computer system according to claim 3. wherein the regulating means is regulated by 
a software means controlled by the computer system, alternatively that the regulating 

30 means is regulated by hardware means preferably also controlled by the computer 
system, altematively controlled by components other than those of the computer system. 
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5. A computer system according to any of the preceding claims, wherein the processing 
unit and the heat exchanger both are enclosed in an insulation material and that the 
insulation material is provided between at least the heat exchanger and the ambient 
environment, preferably also between the processing unit and the ambient environment. 

5 

6. A computer system according to claim 5 wherein the processing unit and the heat 
exchanger both are enclosed in a box, that Insulation material is provided between at 
least the heat exchanger and the inside of the box, preferably also between the 
processing unit and the inside of the box. 

10 

7. A computer system according to any of the preceding claims, wherein a heating 
element is in contact with the outside of the box. alternatively is in contact with the inside 
of the box, where the heating element consists of resistive wires, that the wires are in 
contact with the insulation, alternatively are in contact with the box, and that electrical 

15 power is supplied to the resistive wires for providing a heating of the wires and to the 
insulation, alternatively a heating of the inside or the outside of the box. 

8. A computer system comprising a cooling system, said computer system comprising at 
least a processing unit such as a central processing unit (CPU) generating thermal energy 

20 when processing and said cooling system comprising a heat exchanger being in thermal 
contact with the processing unit and where the processing unit is of a type comprising a 
base plate having leggings extending perpendicular outwards from the base member, said 
legging being intended for extending through openings in a socket mounted on a 
motherboard of the computer system, and where the heat exchanger constitutes an 

25 individual unit separate from the processing unit, and said cooling system comprising a 
compressor for compressing cooling refrigerant from a vaporised state to a liquid state 
and comprising first pipes transporting the cooling refrigerant from the compressor to the 
heat exchanger and second pipes leading the cooling refrigerant from the heat exchanger 
back to the compressor, and the heat exchanger being intended for thermal contact with 

30 the processing unit by a force directed perpendicular to a top of the processing unit. 

9. A computer system according to claim 8, where the force is applied by means of spring 
members being attached between the heat exchanger and the socket. 
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10. A computer system according to claim 8 or claim 9, where the heat exchanger is 
contained in a box and where the force Is applied by means of spring members being 
attached between the box and the socket. 

5 11. A computer system according to claim 10, where the box Is provided with a first 
opening intended for receiving the heat exchanger and a second opening intended for 
receiving the pipes to and from the heat exchanger, and where the first opening is 
directed towards the base plate and the socket and has an orifice havingcircumferential 
measures being approximately the same as, alternatively smaller than, external measures 
10 of the base plate and the socket. 

12. A computer system according to any of claim 10 or claim 11. where the box is biased 
towards the base plate by means of biasing members, where the biasing members is 
attached between the box and the socket onto which the base plate is mounted. 

15 

13. A computer system according to claim 12. where the biasing members consist of at 
least one first part attached to the box and at least one second part attached to the 
socket, and where opposing ends of the first part and the second part are intended for 
being biased towards each other by fastening means, preferably adjustable fastening 

20 means such as bolts and nuts. 

14. A computer system according to claim 13, where other spring members are provided 
in connection with the fastening means, and where biasing of the first part and the second 
part of the biasing means takes place via the other spring members so that a biasing force 

25 between the box and the base plate, and thereby between the heat exchanger and the 
processing unit, is limited by a spring force of the spring members. 

15. A computer system according to any of claims 8-15. and where the heat exchanger 
consists of metallic balls being in close proximate contact with each other, preferably 

30 being sintered together, and where passages are formed between the balls, and where 
said passages fomri passages for the cooling refrigerant to pass trough the heat 
exchanger. 
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16. A computer system according to claim 15, and where the heat exchanger has a 
circular cylindrical shape, and where an end surface of the cylinder is in abutting contact 
with a top surface of the processing unit. 

5 17 A computer system according to any of claims 8-16, wherein only the heat exchanger 
is enclosed in an insulation material, and where the insulation material is provided 
between the heat exchanger and the ambient environment. 

18. A computer system according to any of claims 8-17, wherein only the heat exchanger 
10 is enclosed in a box, and where insulation material is provided between the heat 

exchanger and the inside of the box. 

19. A computer system according to any of claims 8-18, wherein a heating element is in 
contact with the leggings extending from a bottom surface of the base plate of the 

15 processing unit, alternatively is in contact with a top surface of the base plate, where the 
heating element consists of resistive wires, and that electrical power is supplied to the 
resistive wires for providing a heating of the leggings and alternatively also of the base 
plate. 

20 20. A computer system according to any of the preceding claims, wherein the components 
of the cooling system is provided with means for placing the components inside a 
standard cabinet of the computer system, and that said means is shaped so that the 
means may be placed in slots inside the computer system,, alternatively may be attached 
to boards of the computer 

25 

21. A computer system according to any of the preceding claims, wherein the compressor 
is supplied with electrical power from the built-in power supply of the computer, which 
power supply also is intended for powering other components of the computer, such as 
data-processing components. 

30 

22. A computer system according to any of the preceding claims, wherein at least the 
compressor, preferably at least the compressor and the condenser, is/are mounted on a 
frame, where the compressor and the condenser have dimensions smaller than 5 1/4 
Inches, where the frame has dimensions of about 5 1/4 inches and that the frame with the 
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compressor and the condenser mounted is capable of being displaced in and out of built 
in drive bay shafts on the front side of a computer cabinet. 

23. A computer system according to any of claims 1-18, wherein at least the compressor, 
5 preferably at least the compressor and the condenser, is/are mounted on a frame, where 
the compressor and the condenser have dimensions smaller than 3 1/2 inches, where the 
frame has dimensions of about 3 1/2 inches and that the frame with the compressor and 
the condenser mounted is capable of being displaced in and out of built in drive bay shafts 
on the front side of a computer cabinet. 

10 

24 A computer system according to any of the preceding claims, wherein the box is a 
plastic box having a thermal conductivity lower than that of metallic materials and that the 
box consists of at least two parts that are mutually connected by connection means and 
that the connection means are made of a material with thermal conductivity that is low 
1 5 compared to metallic materials. 

25. A computer system according to any of the preceding claims, wherein the heat 
exchanger only is in thermal contact with the processing unit, and that the heat exchanger 
and the processing unit is separable so that the processing unit may be substituted and 

20 the heat exchanger may be thermally connected to a substitutive processing unit, 
alternatively that the heat exchanger may be substituted and the processing unit may be 
thermally connected to a substitutive heat exchanger. 

26. A computer system according to any of the preceding claims, wherein at least an 
25 outer surface of the box is black and preferably is also lustreless, so that the box is 

capable as easy as possible to receive heat from the ambient environment. 

27. A computer system according to any of the preceding claims, wherein the box on an 
inner surface, alternatively on an outside surface, of the box is provided with a moisture 

30 impermeable coating, preferably a metallic coating such as a metallic foil or a metallic film, 
so that insulation inside the box is prevented from absorbing moisture. 

28. A computer system according to any of the preceding claims, wherein the first pipe 
and the second pipe are led from the compressor to the heat exchanger respectively from 
the heat exchanger to the compressor in parallel, and that the first pipe in immediate 

35 vicinity of the heat exchanger has a smaller cross section than the second pipe, and that 
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the first pipe when entering the heat exchanger is led into the second pipe and is led into 
the heat exchanger co-axially with the second pipe. 

29. A computer system according to any of the preceding claims wherein the heat 
5 exchanger is made of copper and that the pipes is made of copper and that the pipes and 

the heat exchanger are mutually able of being disconnected. 

30. A cooling system for a computer system, said computer system comprising a number 
of electronic components generating thermal energy when being employed and said 

10 cooling system constituting a separate cooling system with a fan for sucking air from the 
surroundings into the cooling system, and a heat exchanger for cooling the air being 
sucked into the cooling system, and comprising a compressor for compressing cooling 
refrigerant from a vaporised state to a liquid state and comprising first pipes transporting 
the cooling refrigerant from the compressor to the heat exchanger and second pipes 

15 leading the cooling refrigerant from the heat exchanger back to the compressor and 
further on to the condenser, and said cooling system further comprising a means for 
passing air, that has been sucked past the heat exchanger and thereby has been cooled 
by the cooling system, to the interior of a cabinet of a computer system 
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Fig. 10 3 
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